Cannabis is the most commonly used drug of abuse by adolescents in the world. While the impact of adolescent cannabis use on the development of psychosis has been investigated in depth, little is known about the impact of cannabis use on mood and suicidality in young adulthood.
C
annabis is the world's most widely used illicit drug, with 3.8% of the global population having used cannabis in the past year. 1 Prevalence of use as a fraction of the world's population has remained stable since the 1990s, 1 Among US adolescents from 1991 to 2011, the prevalence of cannabis was high, with 20.9% of adolescents reporting use in the past month 3 ; additionally, about 7% of US high school seniors are daily or near-daily users of cannabis. 4 In Canada, among youth aged 15 to 19 years, the rate of past-year cannabis use in 2015 was 20.6%. 5 Similarly, in Australia, 4% of adolescents aged 14 to 19 years use cannabis weekly 6 ; in England, 4% of adolescents aged 11 to 15 years used cannabis in the last month. 7 It is estimated that 87.6 million adults in the European Union (aged 15 to 64 years), or 26.3% of this age group, have tried cannabis during their lives. 8 Last year, prevalence rates among individuals aged 15 to 34 years range from 3.5% in Hungary to 21.5% in France. 8 The main pharmacologically active cannabinoid in the cannabis plant (Cannabis sativa or indica) is Δ-9 tetrahydrocannabinal (THC), which mediates most of its psychoactive and mood-related effects and also has addictive properties. The regular use of cannabis during adolescence is of profound concern 9 as use in this age group is associated with an increased likelihood of deleterious consequences, such as diminished scholastic achievement, lower degree attainment and school abandonment, liability to addiction, 10 earlier onset of psychosis, 11 and neuropsychological decline. 12 Furthermore, in the general population, there is substantive evidence for statistical associations between cannabis use and increased risk of motor vehicle crashes; the development of psychoses with the highest risk among the most frequent and high potency cannabis users; increased cannabis use frequency and the progression to developing problem cannabis use; adverse birth outcome in the offspring of mothers with cannabis smoking habits; and worse respiratory symptoms and more frequent chronic bronchitis episodes with long-term cannabis smoking.
9,13
Little attention has been specifically paid in the public health discourse as to the impact of adolescent cannabis use on the risk of developing depressive symptoms and mood disorders, even though researchers have published on this topic since the 1970s.
14 Some clinical studies have found a larger effect in women, 15 while the rate of depression in adulthood may remain elevated even when cannabis use is stopped after adolescence. 16 Moreover, many preclinical studies in laboratory animals have also reported an association between pubertal exposure to cannabinoids and adult-onset depressive symptoms, in addition to elucidating the neurobiological mechanisms of this observed effect. [17] [18] [19] The adolescent brain is indeed still under development and psychotropic drugs used at this time may thus alter the physiological neurodevelopment, especially of the frontal cortex and limbic system.
20,21
To date and to our knowledge, there has been no systematic review or meta-analysis summarizing the association of cannabis use during adolescence on the risk of depression in young adulthood. A meta-analysis published in 2014 examined the association of cannabis use and depression, 22 but this study included youth and adults and therefore did not estimate the specific risk of use during adolescence. The study also did not consider the risk of suicidal behavior and the comorbid anxiety often associated with depression. Two other systematic reviews and meta-analyses 23, 24 analyzed the association between cannabis and depression, but those studies likewise focused on use in the general population (adolescents and adults) and thus could not study the window of risk in adolescence. The goal of this investigation is to systematically review and analyze longitudinal prospective cohort studies that measured cannabis use during adolescence (18 years and younger) and evaluate the risk of depression, anxiety, and suicidality during young adulthood (aged 18 to 32 years). Given the high percentage of depression in adolescents smoking cannabis at the baseline, only longitudinal prospective cohort studies controlling for baseline depression were included in the study.
Methods

Search Strategy
The literature search was conducted by a health sciences librarian (J.B.) to identify all relevant clinical literature reporting on the association between cannabis use during adolescence and mood disorders. The search period covered the years from inception to January 23, 2017. Database search strategies complied with the Institute of Medicine standards 25 and
were not limited by language or by year of publication. Searches used MeSH headings 26 and text words as suitable. The Medline strategy was developed with input from the research team and then peer reviewed by a second librarian using the PRESS standard. 27 After the initial Medline strategy was finalized, it was adapted for the other databases (Medline search details appear in eMethods 1 in the Supplement). The vocabulary and syntax of the strategy were tailored to allow for optimal electronic searching of the following databases: Medline (Ovid), Embase (Ovid), CINAHL, PsycInfo (Ovid), and Proquest Dissertations and Theses. The results were compiled and duplicates removed using EndNote X7 (EndNote, Clarivate Analytics).
References of included studies and pertinent reviews were manually verified for further clinical studies. Grey literature was searched using Grey Matters, a practical search tool for evidence-based medicine available through the Canadian Association for Drugs and Technologies in Health.
28 Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) reporting guideline for reporting of systematic reviews were followed and fulfilled. 29 DistillerSR, an advanced systemic literature review software was used to manage the screening process (DistillerSR, Evidence Partners) ( Figure 1 ).
Study Selection
Two reviewers (T.A. and T.Z.) independently assessed all titles and abstracts along with full texts of potentially relevant articles. Studies were included if they met the following criteria: (1) reported in an original article in a peer-reviewed journal; (2) included population-based data that were collected longitudinally and prospectively; (3) the exposure variable referred specifically to cannabis; (4) outcome measures referred specifically to depression, suicidal behavior, anxiety (often comorbid to depression), or mixed anxiety-depressive symptoms; (5) the outcome variable (depression, anxiety, suicidality) was controlled for at baseline, (6) assessed cannabis use in adolescents younger than 18 years (at least 1 assessment point) and then again assessed them for depression in young adulthood (aged 18 to 32 years); (7) data were either presented as an odds ratio (OR); and (8) controlled and adjusted for the following confounding factors: age, sex, and depression and/or anxiety at baseline. Parental level of education, socioeconomic status, alcohol consumption, and cigarette smoking were also controlled for in almost all included studies. When multiple studies were found reporting on the same population cohort at different time points, only the study reporting the longest follow-up was chosen.
Data Extraction
A structured form in DistillerSR was used to extract the following data: the year of publication; the sample size at followup; the mean age of participants at baseline and at follow-up; the sex distribution; the methods to define cannabis use (in terms of frequency of use and age at use, if provided); and the methods to define depression, anxiety, and suicidal behaviors, as well as control variables for adjustment. The 35 longitudinal studies retained for the meta-analysis reporting the outcome of depression in young adulthood (reported as OR, β, intercept, frequency, or relative risk) are in eTable 1 in the Supplement. 10,15,16,30-61 A summary of the articles selected for full-text review (N = 269) by both authors and the reason for exclusion (n = 234) or retention (n = 35) appear in eTable 2 in the Supplement. Only studies reporting adjusted OR for basal depression or anxiety or suicidality were included in the metaanalysis. References cited in articles meeting inclusion criteria and references cited in previous systematic reviews on cannabis use and depression were manually explored for other relevant studies.
Parameters Definitions
Cannabis use in most studies was measured with a selfreported questionnaire. Most studies reported the frequency of use in the last year or the last 6 months, distinguishing weekly users, daily users, and occasional users (eTable 1 in the Supplement). However, when a single study reported the OR for several possible frequencies of cannabis use (eg, nonusers vs occasional users, weekly users, and daily users, among other classifications), only the OR for the highest frequency of use classification vs nonusers was included in our pooled analysis. Depression or anxiety was considered in a dichotomous manner according to the third and fourth editions of the 
Quality Assessment
The risk of bias of the included articles was assessed using the Research Triangle Institute item bank on risk of bias and precision of observational studies. 63 Unlike quality assessments, the Research Triangle Institute item bank does not create a score quantifying a degree of bias but uses a list of criteria to determine where in a study the bias may be located. The 29 items relate to precision (sample size and efficiency from strati- fication/matching to balance exposure groups on key confounders), bias (selection, performance, attrition, detection, reporting, and information), and overall believability.
Statistical Analysis
Only longitudinal prospective cohort studies reporting outcome data about cannabis use (baseline) and depression (follow-up) and adjusting for depression and/or anxiety and/or suicidality at baseline were included in the metaanalysis (eTable 1 in the Supplement). We recorded OR estimates for the association between cannabis use in adolescence and 4 different outcomes: depression, anxiety, suicidal ideation, and suicidal attempts in early adulthood. All studies reported ORs adjusted for prior history of depression and other confounding variables (eg, sex, tobacco smoking, alcohol). We pooled the ORs for each outcome using random-effects models 64 since considerable heterogeneity was expected. The presence of betweenstudy heterogeneity was tested using Cochran Q 65 and quantified by I 2 (ie, the percentage of the total variance that is due to between-study heterogeneity).
Exploration of Heterogeneity via Meta-regression
We fit mixed-effects meta-regression models to explore the heterogeneity attributable to 2 covariates: the method of defining depression (structured diagnosis vs questionnaire) and the country where the study was conducted (Australia, United States, or other countries). These analyses were carried out using the metafor package in the R software program, version 3.4.0 66 (The University of Auckland).
Sensitivity Analysis and Propensity Score Analysis
One set of sensitive analysis was done to rule out possible cohorts' overlap. Moreover, the cohort with the highest OR for depression 46 was entirely reanalyzed using both the classical methods for factors adjustment (multivariate regression analysis) and using the propensity score adjusted regression methods to better estimate the differences in the distribution of the confounding variables 67 using SAS, version 9.4 (SAS Institute Inc). Details are in eMethods 2 in the Supplement.
Results
Results of the Meta-analyses
A total of 11 articles met the inclusion criteria for the metaanalysis ( Figure 1 Figure 3 ). For the number of suicide attempt outcomes within adolescence 54, 57 or during young adulthood, 10 the results were pooled with a resultant OR of 3.46 (95% CI, 1.53-7.84; I 2 = 61.3%; Figure 3 ). Figure 2) was reanalyzed with multivariable logistic regression method and the propensity score method. The replication of the previously published work using the classical methods (multivariable logistic regression) resulted in a OR of 2.5 (95% CI, 1.1-5.5) (major depressive disorder by age 24 years as predicted by cannabis use disorder by age 17 years, controlling for sex, parental major depressive disorder and major depressive disorder, alcohol use disorders and nicotine dependence by age 17 years), while using a propensity score method the OR was 2.6 (95% CI, 1.2-5.5).
Exploration of Heterogeneity via Meta-regression
Systematic Review of Nonpoolable Studies and Trajectory-Based Studies
Twenty-four longitudinal studies did not report OR poolable data or reported the same cohorts and were thus not included in the meta-analysis; most of these studies reported findings as regression coefficients (β) or percentages rather than ORs or based their results on trajectories of cannabis use over time (eTable 1 in the Supplement). Interestingly, most of these studies reported a positive correlation between adolescent cannabis use and later depression, 15,30-37,40,42,43,49-53,61 reinforcing the results of the meta-analysis. A few studies analyzed the different trajectories of cannabis use patterns from adolescence through young adulthood. For example, 1 study of 1232 first-year college students established 6 cannabis use trajectories varying from nonuse, to late-increase use, to collegepeak use, to chronic use. 35 The 6 cannabis trajectory groups
were not significantly different on year-1 health-related variables but differed on all 10-year mental health outcomes tested, including depression and anxiety. Chronic and late increased users of cannabis fared the worst for the depression score after controlling for covariates. Interestingly, the higher risk for depression and anxiety in adolescents that continue to smoke until age 29 years was also confirmed by Degenhardt et al, 38 suggesting that even the chronic use in young age is detrimental for mental health. There is evidence that younger users of cannabis (aged 14 to 15 years) were at significantly higher risk of suicidal behaviors, although, overall, the association between cannabis use and depression did not vary with age 42 ; moreover, girls seem more susceptible than boys to develop adult depression if they smoke cannabis in adolescence. 15 Two trajectory studies demonstrated that quitting cannabis by the end of adolescence did not protect people from some of the serious effects of the drug. 16, 39 Other studies likewise found significant positive associations between cannabis use during adolescence and later anxiety and depression paralleled by academic unpreparedness, delinquency, and poorer academic performance.
36
In contrast, a few studies failed to find a statistical correlation between cannabis and depressive symptoms. 39, 48, 55, 56, 59, 60 One study found no evidence of increased depression among 
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Cannabis Use in Adolescence and Risk of Depression, Anxiety, and Suicidality in Young Adulthood nonusers vs other groups, although the chronic group of users reported significantly more anxiety symptoms at age 33 years than the other groups, after controlling for baseline anxiety. 39 Another study supported a self-medication hypothesis in male individuals, in which adolescents with higher depressive symptoms at baseline used more cannabis. 59 This study failed to support a link between using cannabis as an adolescent and later depression in male or female individuals but found instead a positive association between tobacco and depression. Another study 69 found an increased risk of depression among adolescents who possessed the short allele of the serotonin transporter gene (5-HTTLPR genotype) (S/S), evincing an interaction between genetics and an environmental exposure (cannabis).
Discussion
This meta-analysis shows that cannabis consumption in adolescence is associated with increased risk of developing major depression in young adulthood and suicidality, especially suicidal ideation. The association between cannabis and suicidal behavior was previously reported by Borges et al.
70
Major depressive disorder is a debilitating mental illness associated with increased morbidity, mortality, and disability among those affected. During 2013 to 2016, 8.1% of individuals in the United States older than 20 years experienced depression in a given 2-week period. 71 Although the causes of major depressive disorder are multifactorial and complex, this meta-analysis suggests that the cannabis exposure could be 1 factor contributing to depression in young adulthood. These data indicate that cannabis use during adolescence is associated with a moderately increased risk of depression in young adulthood. The effect size is modest, but considering that 20.9% of adolescents in the United States report monthly use of cannabis 3 and 7% of US high school seniors are daily or neardaily users, 4 the consequences of cannabis use during adolescence are magnified in young adulthood. In this study, the estimated population attributable risk is 7.2%. This translates to some 413 326 young adult cases of depression potentially attributable to cannabis exposure, considering that the population of young people between 18 and 34 years in the United States is 70 872 118 72 and the incidence of depression is 8.1%.
71
This study also is consistent with the greater part of research on brain imaging literature demonstrating the negative influence of cannabis in brain plasticity during the development. The brain indeed remains in a state of active, experienceguided development from the prenatal period through childhood and adolescence until the age of approximately 21 years. 20, 21 During this period, it is intrinsically more vulnerable to the adverse long-term effects of environmental insults, such as exposure to the THC. Indeed, a recent review from more than 30 human magnetic resonance imaging studies from earlier cannabis users compared with controls have pointed out that neuroanatomic alterations emerged across regions notably with high cannabinoid receptor type 1. These alterations were more pronounced in people consuming higher doses at earlier age at It was also not possible to evaluate the exact quantity of cannabis consumed among adolescents in individual studies since they used measures of frequency of use and rather than the precise quantity. Furthermore, the potency of cannabis has generally increased since 1980, 76 and potency varies across geographic location. 8 Thus, the content of THC in "one-weekly joint" likely shifted from 1980 to the present day and across locales. It is unlikely that publication bias is a concern in the context of our research as we included studies that had identi-fied cannabis as 1 of the primary predictors of interest. It is more likely that we may have missed studies that examined the use of cannabis as a secondary interest.
Conclusions
These findings highlight the importance of initiatives aiming to educate teenagers on the risks associated with using cannabis and teach them skills to resist peer pressure. Given the likelihood of a window of risk during adolescence when the deleterious effects of cannabis are most pronounced, 10 the findings in this meta-analysis suggest that cannabis is a serious public health concern and there is an urgent need to implement better drug use prevention programs targeting the use of cannabis among adolescents and interventions aimed at educating adolescents to develop the skills to resist peer pressure on drug consumption. For all analyses, we used generalized estimating equations to appropriately adjust for the correlated nature of observations in the dataset (twins nested within families; Zeger & Liang 3 , 1986). For all diagnoses, categorical diagnoses were used (probable (missing one symptom) or definite vs. no disorder) and diagnoses were based on DSM-III-R criteria.
For the classical analyses (multivariate regression analyses), we used cannabis use disorder by age 17 as the independent variable, together with sex, MDD by 17, parental MDD, alcohol use disorder by 17, and nicotine dependence by 17 as control variables, to predict MDD between 17 and 24. For the propensity score analyses, we used the regression adjustment method (Beal & Kupzyk 4 , 2014). Specifically, we calculated a propensity score by using sex, MDD by 17, parental MDD, alcohol use disorder by 17, and nicotine dependence by 17 to predict cannabis use disorder by 17. We then entered that propensity score into a generalized estimating equation analysis together with cannabis use disorder by age 17 to predict MDD between 17 and 24. All analyses were conducted using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA). 
